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The viscosities of the mixtures of I .Zdibromoethane i cyclohexane, + benzene, 
f toluene, i o_xyIene, -!-m-xylene, and +p-xylene have been measured at 298. I5 and 

3GS_ I5 K as a function of composition_ The viscosity data have been analysed in the 

light of approaches developed by Hind et al. and Grunberg et aI_ Using Eyring kine- 
matic scheme the viscosity data have been employed to caIcuIate activation energies 
of flow_ 

IXIRODUCITON 

Excess volumes of mixing for the above-mentioned mixtures have been reported 
earlier’_ Viscosity data may provide vaIuabIe information regarding the moIecuIar 

interactions in the mixtures z--3 Viscosity data coupled with Eyring kinematic scheme’ _ 

may be used to compute activation energies of flow which in turn are related to 

excess free energies of mixing_ Therefore we measured the viscosities of the above- 

mentioned mixtures at 298.15 and 308.15 K as a function of composition to geet 
information about intermoIecuIar forces and to obtain excess thermodynamic 

functions_ 

ExPERIMEhTAL 

Cyclohexane, benzene, toluene, o-xylene, m-xylene, and pxylene (all B_D_H_) 

and IJ-dibromoethane (Reidel) were purified as described earlier’. 

Viscosities of the mixtures were determined with a modified UbbeIohde 

kinematic viscometer6_ The viscometer was calibrated against liquids of known 

viscosities_ The viscometer containing the liquid was placed in a water-filled thermo- 

stat controlied to within iO.01 K with the help of an electronic relay and toluene 
regulator. The characteristic constants Q and b of the viscometer were evaluated from 
the measured time of flow for severa liquids at 298.15 and 308-15 K using the known 
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viscosities7-g by the relation to 

Y = rl;cp = at-b/t (1) 

where i. is the kinematic viscosity, g is the viscosity, p the density and t is the time of flow 
of the Iiquid in seconds. The constants a and b were determined by the feast-squares 

method. The values of a and t at 295.15 and 305. I5 K are recorded beiow: 

Temp. (K) a & 

79s. I 5 0_001318 5.3604 
308.15 0.001317 5.303s 

The viscosities of the mixtures of J,2-dibromoethaneicyclohexane, -f-benzene, 

+ toluene, + o-xylene, +nz-xylene, and i-p-xyIene have been measured by noting 

the time of flow at 298. I5 and 308.15 K. The densities of the mixtures were taken 

from excess voiume data’. The measured viscosities were correct to 1.0%. 

The viscosities and kinematic viscosities of the mixtures at 298. I5 and 308. I5 K 

are recorded in Table I. The viscosity data have been plotted in FiS. I. 

TABLE I 

ViSCOSiTiES AND XC= VALUES FOR 
MIXTURES CONi-AWING 1,ZDIBROMOETHANE 

x V 

(cenfistokes) 
‘I 
(cebpoise) 

1712 d ?GE 

(cal mol- I) 

x iJ-IXbro-rhanei(f -x) tq-cfohexone or 29X15 K 

mooo 0.7459 I.6159 
0.9100 0.7?N 1.4505 0.6415 
0.8327 0.6965 1.3106 O-5920 
0.7406 0.6924 1.2075 0.6782 
0.646s Q-6991 1.101s 0.6932 
0.5537 0.709s 1.0091 0.6763 
0.4599 0.7295 O-9659 0.7141 
0.3514 0.7732 O-9260 O-7623 
0.2453 0.8838 0.8556 0.6634 
0.1283 0.9415 O-8597 0.6669 
O.OOOO l.IH4 0.9009 

x lg-Dibromoe~honc+(t-x) cyclokxanc at 308.15 K 

Mooo o&%52 I3843 
0.9ZSI 0.6231 l-9%56 0.6691 
0.8334 0.6144 I.1447 Q5&2 
0.7424 0.6124 1.0552 0.6327 

-0.6676 t31.4s 
-0.8050 62.24 
-0.7226 so.27 
-0.7601 91.0 
-0.8500 101.84 
-0.8013 107.88 
-0.7806 103.28 
-1.0256 78.46 
-1.0888 39.76 

-0.4581 29-48 
-0.6446 50.49 
-0.0.6065 66.35 



x 1 ‘Z-Dibromoethane+<-x) cycZohexane ut 308.15 K 

0.6741 0.6305 1.0209 0.7089 
0.5559 0.6278 0.9064 0.6670 
0.4545 0.6466 0.8447 0.6725 
0.3629 0.6813 0.8116 0.6964 
0.2398 0.7374 0.7673 0.6863 
0.1562 0.7973 0.7122 0.5290 
0.0000 0.9899 0.7570 

x I&Dibromo&ane+(Z-x)benzenear 298.ZSK 

i.oOoO 0.7459 1.6159 
0.9005 0.6991 1.422S 0.5926 
0.8038 0.6563 1.2S27 0.5879 
0.7101 0.6349 1.1159 0.6081 
0.6013 0.6215 1.0336 0.7223 
05099 0.6067 0.8941 0.658 1 
0.4109 0.S919 O.&K28 0.7445 
0.3120 0.5899 0.8229 0.8847 
0.2016 0.6087 0.6889 0.7404 
0.0999 0.6402 0.6395 0.7461 
O.OOW 0.6911 0.6038 

x Jo-Dibrom~l~~L-t(I-x)benzencar 308.15K 

i.OooO 0.6452 1.3843 
0.9019 OAOSO 1.2190 0.4968 
0.8028 O.S890 1.1280 0.6801 
0.7019 OS473 0.9610 0.5548 
0.6088 0.5283 0.8569 0.5525 
OS068 0.5189 0.7767 0.5860 
0.4086 0.5160 0.7026 o.S942 
0.3 146 O.S203 0.6379 05874 
0.2078 0.5419 0.6034 0.6466 
0.1052 0.5715 05588 0.64SS 
0.0000 0.6265 0.5270 

x Zf-Dibramoedume+(I-x) foluene at298.15 K 

l.oooo 0.7459 1.6159 
0.9171 0.695 1 1.3810 0.1189 
0.8331 0.6617 1.2682 0.4716 
0.7460 0.6302 1.1052 0.4484 
0.6537 0.6148 1.0153 0.5695 
0.5548 0.5919 0.9001 0.5914 
0.4549 05866 0.8563 0.7182 
0.3480 05846 0.73 83 0.6732 
0.2578 0.5919 0.6736 0.6769 
0.1229 0.6047 - 0.6433 0.8803 
0.0000 0.6469 O.SS78 

-0.4907 72.34 
-0.6295 86.47 
-0.6643 9226 
-0.6462 85.23 
-0.7198 76.37 
- 1.1782 60.19 

-0.3290 17.53 
-0.3891 36.85 
-0.4122 41.29 
-0.2S33 40.27 
-0.4377 44.92 
-0.2933 53.63 
-0.0114 5438 
-0.4137 41.cE-a 
- 0.4548 23.79 

-0.3665 20.93 
-0.0903 34.17 
-0.3684 5206 
- 0.4276 63.64 
- 0.4064 67.17 
-0.4363 67.50 
- 0.5233 63.90 
- 0.3967 47.05 
- 0.4569 30.07 

-0.9063 2234 
-0.4658 33.31 
-0.5789 45.04 
-0.4257 43.68 
-0.4519 51.74 
-0.2227 45.89 
-0.3958 40.29 
-0.4472 30.69 
-0.1103 23.36 

(Tabkcuntinzudonp.348) 
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x 12'Dibro~r~t(l-x)fof~r~ai 308JSK 

l_omJ O-6452 I3843 
0*?144 0.6IoI 1.2333 0.4611 
0.8319 OS889 I.1107 0.4953 
O-7416 os68s O-9937 0.5190 
0.65?? ozi73 0.9069 OS6SO 
O-5524 05526 O-8275 0.6161 
OA489 0333s O-7283 0.6006 
03568 0.5257 0.6572 OS962 
0.2377 05405 0.6OOO 0.6363 
0.1176 O-M34 05499 0.6764 
0.0000 OAT84 05011 

x1,2-Dibronwethanei(Z-x)eq-he at298J5K 

ulooo O-7459 I-6159 
0.9267 O-1265 IAs 0_7OIO 
O-8472 O-7238 1.3736 0.7573 
O-7597 0.7198 19630 0_7!M9 
0.6529 0_7105 l-IS17 0.8124 
OJ850 o-7235 1_09sO O-8338 
O-4919 O-7332 1.0317 O-8899 
0_3856 O-7465 0.9602 0.9149 
02610 0.7659 0.8771 0.9143 
0.1292 0.8085 0.7932 O.S484 
O.CNMlO 0_8658 O-7587 

x IJ-Dibro~~ko~+(Z-x)~xylinrcatu18.IS K 

1_0000 05452 13843 
09228 O-6318 12729 oAO74 
OB499 0.6137 1x41 O-5568 
0.7647 -0_5i82 1.0178 0.4961 
0.6798 05634 O-9216 0_5208 
OJ874 05553 0.8292 0.5385 
O&l45 05560 0.7526 0.5732 
0.3821 0.5620 0.6992 0.6176 
02566 05728 0.6257 0.6217 
0.1371 osm3 OJ822 0.6573 
OBOOO 0.6345 0.5381 

x 12-Dibromoe~lia~~e+ (I -x) m-qZene at 24WJ5 K 

l.oooo O-7459 1_6159 
09257 0.7118 I.4466 0.4266 

_ CL8458 OASO4 1.3073 OX68 
O-7684 O-6617 _ 1_1907 0~5767 
O-6789 a6603 I-Ml 0_6007 
03716 46650 lAol7 0.7345 
a4852 0.6369 O-8843 0.6989 
OK835 0.6402 0.8095 0.7400 
0.2690 0.6349 O-7069 0.7068 
0.1391 0.6523 0.6538 0.7924 
O.OWO 0.6777 0.5839 

-0.4195 15.88 
-0.4135 2195 
-0.4277 27-69 
-0.3827 2696 
-o-332+ 29.31 
-0A447 3280 
-0.5394 33.12 
-0.5509 u-11 
-0Aw6 635 

-0Ao79 
-0.4962 
-0.3545 
-0_33so 
-0.3263 
-0.2682 
-0.2363 
-02712 
-0.4729 

I?_41 
20.26 
26.29 
37_27 
31.83 
30.94 
29.98 
25.19 
I255 

-02007 
-0.3139 
-0.4736 
-0.4791 
-0.5059 
- 0.3997 
-0.4199 
-048~ 
-0-4292 

26.19 
37-88 
38.34 
53.34 
5421 
56.76 
53.58 
4432 
3192 

-05095 
-0.4214 
-0_3911 
-0AO63 
-0.1976 
-0.3155 
-0.2694 
-0.4204 
-0_2382 

17.75 
34.50 
4216 
47-10 
5025 
48.17 
43.73 
30.19 
17-18 
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x V ?I ?ht d aG= 
(cerIrtitoke5) (c+poise) (caimol-*) 

xZJ-Dtironweirhmrti(Z-x) m-xylene at 308-Z2K 

1.OOOO 0.6452 ix43 
o-9254 O-6204 12589 0.5108 
O-8516 0.6077 1.1426 OS032 
0.7697 05862 l-0176 O-4789 
0.6796 OS755 0.9345 05548 
0.5853 0.5694 0.8526 0~5885 
a4834 0.5594 0.7640 OS03 I 
03771 O-5607 0.7044 0.6494 
0.2621 05694 O-6362 0.6644 
om63 oAoO3 0.5870 0.7089 
0-m 0.6117 0.5218 

x ZJ-Dibromoc~Aane+(Z-x)pxylcnraf~8~ZSK 

1LWO O-7459 1.6159 
0.9211 0.7098 1.4592 0.5810 
0.8555 0.6871 1.3092 0.4606 
0.7685 O-671 7 1.1692 0.5124 
0.6809 0.6583 l.OslS - 0.6209 
0.5921 0.6577 1.0013 0.6909 
O-4898 0.6449 0.8870 0.6829 
039098 0.6335 0.7899 G.6676 
O-2783 0.6456 0.7322 0.7240 
0.1435 0.6590 0.6686 0.7728 
OJOOO 0.7085 0.6071 

x Z,2-Dibromoekne+(Z-x)pxylureat 308JSK 

1.0000 0.6452 13843 
Q.9258 0.6318 l-2729 oAO74 
0.8499 0.6137 1.1541 o-5568 
O-7647 0.5782 1.10178 0.4961 
O-6798 0.5634 0.9216 0.5208 
O-5874 0.5553 0.8292 0.5385 
O-4845 0.5560 O-7526 05732 
03821 05620 0.6992 O-6176 
0.2566 0.5728 O-6257 O-6217 
0.x371 0.5903 Olc822 O-6573 
O_OOOO 0.6345 0.5351 

-0.3212 15.60 
- 0.3727 20.68 
-0.4685 35.13 
-0as9 39.21 
-03426 39-75 
-0.3618 45.49 
-0.2889 41-10 
-0.2973 3130 
- 0.2002 12.01 

-03408 20.89 
-0.0907 33.66 
-OS449 39.39 
-0_4091 44.64 
- 0.3282 49.63 
-0AO15 46.47 
-0.5014 54.24 
-0.4236 4243 
- 0.3579 3355 

-0_2007 26.19 
-0-3139 37-88 
- 0.473 6 48.34 
- 0.479 1 53.34 
- 0.5059 54.21 
-0-4897 56-76 
-0.4199 53.58 
-0_4804 44.32 
-0-4292 31.92 

The plots Of ?Jmix against composition exhibiting maximum or positive deviations from 
rectilinear dependence on the mole fraction should indicate the presence of specifk 
titeractions resulting in the formation of complexes between them3_ The negative 
deviations from rectilinear behaviour should mean on the other hand the presence of 

dominant dispersion forces in the mixtures_ Fig_ 1 shows negative deviations from 
linear b&&our and hence mainly dispersive forces may be present in these mixtures_ 

The approach of Hind et ai_ * ‘, Tamara and &rata’ ‘, and Tamara and Sata * 3 

may give an estimate of the extent of interactions present in the mixtures in terms of 



(e) I <fJ 

F5g_ 1. PIon of surfkce tensions of mixtures against mok fraction x_ 

t- O-O x I,?-Dibromocthane+(I -x) cyclohcxane at 298-U K 
A-A x 1,2-dibromocthane+(l -x) cyclohcxane at 308.15 K 

b- x l,ZDibromoethane+(I --x) benzene. 
0-O 298.15 K; A-A 308-15 EL 

c x 1 ,2-Di brom oethak +(I -x) toIuule 
0-O 298-15 K; A-A 3OS.15 IL 

d. x I,2-Dx%romocthancf(I -x) o-xylaw 
O-O 298-H K; A-A 308.15 K, 

c x I,%Dibromouhanc +(I -x) m-*ylenc 
0-O 298.15 K; A-A 3OS_15 K, 

f: x 1,2-Dibromoethaxxi-(I -x) pxykne. 
O-0 29815 K; A-A 308-15 K- 
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q12. Hind et al. represented viscosity data by the relation: 

tl mix =~:?ll+2x,wl*+&2 (2) 

where x1 and x2 are the mole fractions, qI and q2 are the viscosities of the pure 

components. ql 2 is found to be independent of composition. The vaIues of q12 are 

recorded in Table I. 

The knowledge about the strength of interactions in the mixtures may be 
provided by the Gnu&erg and Nissan approach 14_ Accordingly, the viscosity of the 

mixture is related to the in’scosity of pure components by the relation: 

In ‘omit =~,In~~+x~ lnq2+xlx2d (3) 

where d is the interaction parameter which is proportionaI to ZD/RT, UY is the inter- 
change cnera. This parameter d has the same significance as given by Guggenheim’ ’ 
in the treatment of reguIar solution theory_ The values of the interaction parameter d 
have been calculated and are recorded in Tabte I. It was observed that the vaIues of d 
are independent of the composition for all the mixtures at 298.15 and 308,IS K, but 
it has a negative value for all the mixtures_ The negative values of d indicate the 
presence of dispersion forces and the absence of specific interactions in these mixtures. 

CALCUL.A-l-ION OF EXCESS THERMODYNAMIC FUMZl-IOSS 

According to Andrade16, ArrheniusE7 and Guzman”, the viscosity of a liquid 
is reIated with its temperature by the relation: 

q=AeBrT (4) 

where A and B arc constants. ‘This expression was modif&i by Glasstone et aL’ to 
give it a theoretical bearing and was represented by 

9 = (& hji,, As A2) eAvfRT 0 

If R = R, and 1., A,& = molecular volume, the above equation may be written as 

q = (hN/V) eAG*lffr (6) 

or v = fl/p = (hNjM)eApfRT 8 

where v is the kinematic viscosity in centistokes, 

Consequently, the kinematic viscosity of pure components would be given by 

v1 = (hN/M,) eAG1’fRT 

v2 = (h N/Ma eAG2*/RT 

An analogous expression for binary Iiquid mixtures can be written 
for non-ideaMy, as given beIow: a 

vrnh = LhNl(x,ibf 1 -I-x~M~] exp [(XX Gfi-X, Gf-aG:JR’TJ 

(9) 

after accounting 

(10) 
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020203a4450507at309 
X 

030203a405a6waea9 
x 

Fig_ 2. Plots of a(iL against mole fkaction x for mixtures of 1,2-dibromoethanc. 
a_ x 1,2-Dibromocthane-f-(I -x) cydohcxanc 

o-o W8.15 K: a-4 308JS K 
b. x l,2-Dibromocthane+(I -x) de. 

O-O 298.15 K; h--b 308.15 K 
c x I,%Dibromocthane-l-(I -x) toIurne. 

0-0 298-H K; A-A 308_15 Id 
1. x 1,2-Dibromocthane+(l -x) o-xyhe. 

0-0 298.15 IC; A-A 308.15 Km 
e x 1 

112 
-Dibromocthanc +(I -x) m-xylme, 

0-0 298.15 K; A-A 30825 EC. 
t x 1,2-D~%romoctbmnci-(I -x) p-ayhzac 

0-o 298.15 K; A-A 34X.15 K. 
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where GE is the excess free energy of mixing representing the departure from Rault’s 
Iaw and a is the fraction of this energy affect51 . g the viscosity of soIution_ a was 
designated a value of 0.4082 This value was based on the work of Reseveze et aL19 
who analysed the data for 22 liquid systems in terms of the plot of deviations from 
Rault’s law. The scattering of points in their graph were too much and no reliance 
can be made on this value. Rrishnan and Laddha” have suggested a= 1 which was 
not based on any sound footing and was mercIy a conjecture_ Recently*‘, we have 
suggested that a can take up any value between 0.4082 and 1.0000 which will be 
characteristic of the system. So IL varies from system to system, independent of 
temperature and is dependent on the nature of the system”, Due to the uncertainty 
in the value of CC, we computed aGE values for these mixtures_ The vaIues of aGE are 
recorded in Table 1 and are plotted in Fig. 2. The uncertainity in the value of aGE is 
2.5%. 

On analysis of Fig- 2, it is evident that the sign of aG” is positive for all these 
mixtures at 298.15 and 308.15 K_ Regardless of the value of a (between 0.4082 and 
1.oooO) the sign of GE is positive for these mixtures. The positive vahres of excess free 
energies ruIe out the possibility of complexes in these mixtures. It indicates the 
presence of dispersion forces in these mixtures. 

The authors thank the Head of the Chemistry Department for providing 
laboratory faciities. The authors acknowledge thanks to the authorities of Khalsa 
College, Amritsar for their cooperation_ 
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